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Studies in Dieckmann Cyclisation. Part I. Cyclisation of 
Triethyl 2-Methylpentane-1,2,5-tricarboxylate 


Jadugopal Dutta and Rabindra Nath Biswas 


The Dieckmann cyclisation of triethyl 2-methylpentane-1,2,5-tricarboxylate under widely different condi- 
tions lead to the formation of a five-1ing rather than six-ring product. A postulete involving the sterie interac- 
tion in the transition state intermediate for six-ring product has been proposed to explain this difference. The 
cyclisation involving relatively improbable anion (ef. Woodward and Eastman, J. Amer. Chem. Soc., 1946, 
68, 2232) has not been observed. Operation of steric retardation in the retrogression of the Dieckmann eyclisa- 
tion has been demonstrated by the action of OEt™ on (1Vb). 


The Dieckmann cyclisation of triethyl 2-methylpentane-1,2,5-tricarboxylate (I) 
using sodium dust in anhydrous benzene was first investigated by Banerjee, (this Journal, 
1940, 17, 423). The structure of the resulting 8-keto-ester (II) was established by isolation 
of |-methyl-2-oxo-cyclopentylacetic acid (III) from the hydrolysis product (Chakravarti 
and Banerjee, [bid., 1946, 23, 387). These authors were able to isolate only one keto-acid 
(IIT) from the hydrolysis product and none of the isomeric six-ring keto-acid (V), which 
would have been formed if the intermediate £-keto-ester had either of the alternative 
structures (IVa) or (IVb). These authors offered no explanation for the preferential forma- 
tion of (II) rather than ([Va) or (IVb). 


Me 


EtO,C.CH,. CH,.CH,. C. CH,.CO, Et 


| 
CO.E: 


(1) 
| 
| 
Me 
N\_CH,.CO,R’ 


R 
(II: R’=Et; R=CO,Et) ({Va: R=H; R’=CO,Et R”=Et) 
(IIT: R=R’=H) (IVb: R=CO,Et; R’=H; R”=Et) 
(V: R=R’=R”’=H) 


Chakravarti (Experientia, 1947, 2, 149) proposed a possible explanation for the pre- 
ferential formation of the five-membered cyclisation product (II) and attributed it solely to 
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the diminished ionisation at C, due to the positive character (electron releasing) of the 
methyl group. It is, however, difficult to explain the absence of (IVb) only on the ab. ve 
ground. Hammond and Hogle (J. Amer. Chem. Soc., 1955, 77, 338) have concluded that 
the accumulation of bulky substituents adjacent to the carboxyl group of fatty avids 
has a pronounced acid-weakening effect on the carboxylic acids. These data cannet he 
related to the electronic in fluences of the various alkyl groups. Hammond (M.8. Newmanu, 
Steric Effects in Organic Chemistry, ’’ John Wiley & Sons, 1956, 426) pointed out that steri 

effects in ionisation reactions of carboxylic acids are highly complicated and are con). 
bination of (a) steric inhibition of resonance, () the exclusion of solvents from the vicinity 
of the functional group in the charged form involved in the equilibrium and (c¢) spe: ia! 
interactions such as hydrogen bonding etc. The same generalisations might be expecitod 
to hold goed for the ionisation of the pseudo-acids of the ester type which are involyed 
in the Dieckmann cyclisation. Moreover, Reed and Thornely (J. Chem. Soc., 1954, 214s 
have adduced evidence for the existence of steric retardation in the Dieckmann cyel’s tion 
of adipic esters due to the presence of alkyl groups. 


The above considerations led us to reinvestigate cyclisation of triethyl 2-metliy|- 
pentane-1,2,5-tricarboxylate (1), particularly with a view toascertaining a suitable condition 
for obtaining the six-ring product (IVa) or (IVb) through alternative cyclisation. Banerjcc 
etal. (Proc. Ind. Acad. Sci., 1957, 46,80) demonstrated that the lower homolcgue trictliy | 
pentane -1,2,5-tricarboxylate (I; Me=H) could be cyclised to a five-ring prceduct (11; Mc 
H) in ethanol in presence of molecular quantity of sodium ethoxide, whereas the alterna- 
tive cyclisation to six-ring product (IVa; Me=H) was known to proceed by the acticn « { 
sodium dust in benzene (Dobson et al., J. Chem. Soc., 1909, 2010). Banerjee et al. (loc. cit.) 
concluded that the direction of cyclisation of the above triester was dependent on thie 
concentration of the ethoxyl ion. These findings could be rationalised if one considerc« 
that, as the cyclisation product was thrown out of the reaction medium as insoluble sa!t, 
the cyclisation in benzene medium was probably a kinetically controlled process and tlic 
cyclisation in ethanolic medium was thermodynamically controlled, the thermodyna- 
mically more stable five-ring product being formed. 


In the present investigation when the’cyclisation was carried out according to the 
procedure of Banerjee ef al. (loc. cit.), the resulting B-keto-ester on hydrolysis yielded mainly 
1-methyl-2-oxo-cyclopentylacetic acid as in the cyclisation in benzene solution (Banerjee 
loc. cit.). This was further characterised as 2,4-D.N.P.H. derivative and the latter showed 
no depression when mixed with 2, 4,-D.N.P.H. of an authentic sample of 1-methy!- 
2-oxo-cyclopentylacetic acid, but showed considerable depression on admixture 
with an authentic sample of the D.N.P.H. of 1-methyl-2-oxo-cyclohexanecarboxyli: 


acid (V). 
An attempt to resolve the D. N. P. H. of the crude keto acid furnished by the hydro- 


lysis of the cyclisation product of the triester (I), obtained according to the pro:edure of 


Banerjee (loc. cit.), into more than one product using paper chromatographic method proved 
abortive. 
According to Bell (Ann. Rep. London, 1939, 82) the velocity of a reaction could he 
raised by a factor of about 103 by a change of solvent, there being a general tendency for 


higher rates in solvents of a polar type. It was therefore considered that the velocity of 


reactions of the different carboxyl groups at C, and C, in the triester (I) with the anion 
of the methylene group (vide infra) might be afiected to a difierent degree in different 
solvents so that alternative cyclisation product might be obtained by the change of solvent. 
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With the above end in view the cyclisation of triethyl 2-methylpentane-1,2,5-tricar- 
boxyvlate was further investigated using sodium methoxide in methanol, potassium but- 
oxidet in butanol and sodium dust in xylene. The cyclisation product in cach case was 
hydrolysed to the keto-acid and the latter characterised through the semicarbazone and 
D. N. P.H. derivatives. The keto-acid in each of the above cases was found to be l-methy!- 
2-oxe-cyclopentylacetic acid by a comparison of the m.p. and the mixed m.p. with an 
authentic sample and its derivatives. 


The authentic sample of 1-methyl-2-oxo-cyclopentylacetic acid (111) was prepared 
by a new method following the procedure of Birch et al (J. Chem. Soc., 1938, 1390, 1994; 
1945, 582). This method is superior to those recorded in the literature (Chakravarti and 
Banerjee, loc. cit.; Buchta et al., Chem. Ber., 1958, 91, 1552; see also references cited therein). 
The methylanilinomethylene derivative (VIA) of methyl cyclopentanone-2-acetate was 
methylated with potassium butoxide' and methyl iodide. The methylated product (VIB) 
on hydrolysis furnished the authentic keto-acid (I11, m.p. 68-69 ), yielding a semicarbazone 
(m.p. 203-204 ) and 2, 4-D.N.P.H. derivative m.p. 148-49 .; D.N.P.H. of methyl ester, 
m.p. 132-32.5 , Amax (CHCI,) 351 my (¢ 26,909). 


An authentic sample of 1-methyl-3-oxo cyclohexane-carboxylic acid (V) was pre- 
pared for comparison by hydrolysis of the corresponding methyl ester (V:R’’= Me), 
obtained according to the method of Whitmore and Roberts (J. Org. Chem., 1948, 12, 
31). The acid, obtained crystalline for the first time, melted at 78-79 ; it was characterised 
through a semicarbazone, m.p. 190° (decomp) and 2,-D.N.P.H. derivative, m.p. 155-56. ; 
D.N.P.H. of the methyl ester, m.p. 129.5 , Amax (CHCI,) 366 my. (€ 26,200). 


R 


(VIA: R=H. VIB : R=Me) 


The experimental results outlined above strongly indicate the reluctance of the tri- 
ester (L) to yield a six-membered product (IVa) or (LVb). Considering the electronic 
effects in operation the carboxyl group at C, appears to be more reactive than the one 
attached to C, due to the electron-releasing efiect of the methyl group (Reed and Thornley, 
loc. cit.). Moreover, the former is considerably less crowded than the latter. The cyclisa- 
tion involving the carboxyl at C, to give (IVb) thus appears to be more facile. The true 
picture, however, could be obtained through the analysis of the steric efiects operating at 
the transition state. 


In accordance with the accepted mechanism (Ingold, ‘Structure and Mechanism in 
Organic Chemistry”, Cornell University Press, New York, 1953, 793; Reed and Thornley, 
loc. cit.) the cyclisation of the triethyl ester might be considered to proceed in the following 
stages (A-D): 
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| 
I+OEt EtO,C.CH [CH,],.C.CH,.CO,Et 
| 
CO,Et 
Me 


| 
Et O-C=CH[CH,],.C. CH,.CO, EtOH 


CO,Et 


Me 
| 
Et 0,C.CH.[CH,],. C. CH,.CO, Me 
C-OEt 


EtO,C-CH. 


[D] CH 
Me 


The initial step A is a proton-transfer reaction and it might be expected that a pro- 
nounced acid-weakening effect due to the accumulation of bulky substituents (Hammond 
and Hogle, loc. cit.) should reduce the ionisation of the proton at C,. Consequently, the 
anion formation should be predominant at C,. The step B involves the addition of the 
mesomeric anion to the carbonyl group probably through the transition state formed 
by the overlap of the z-orbital of the mesomeric anion with the electrophilic centre of 
the carbonyl group. 


In the above sequence the importance of the final step Dis to keep the concentration 
of the keto-form produced at the stage C at a low equilibrium value and thus to promote the 
reaction in right direction. : 
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The transition state intermediate corresponding to a six-ring compound at the stage 
B should be represented by (IIc) or (IId). 


(IIc : R=O-; R’=OEt) 
(IId : R=OEt ; R’=0) 


The formation of such intermediates (IIc) and (IId) involves considerably higher 
energy than (IIb) since the former involve 1:3-diaxial interaction between ~O:CH, 
and OC,H,:CH,. On the evidence of Catalin models, the eclipse interactions in the five- 
ring transition state (IIb) appear to be much less than the 1:3-diaxial interactions in the 
six-ring transition states (IIe and IId). It should be pointed out that these structures 
represent extreme forms, the actual transition state intermediates being probably more 
flexible. These considerations require the postulation of the fundamental nature of the 
steric interactions in the transition state intermediate in the Dieckmann cyclisation in 
addition to electronic effects. 


The formation of a relatively improbable anion was ruled out (cf. Woodward and 
Eastman, Joc. cit.) since the cyclisation of the triester (1) in xylene solution, followed by 
hydrolysis of the product, furnished the same 1-methyl-2-oxo-cyclopentylacetic acid. 


Finally, the action of sodium ethoxide in ethanol on diethyl 4-methyl-2-ketocyclo- 
hexane-1, 4-dicarboxylate (IVb) (Dutta & Biswas, Part II, this Journal, in press) did not 
bring about the transformation into (11) (cf. Banerjee et a/., loc. cit.) indicating the operat- 
ion of steric retardation in the addition of ~OEt to the carbonyl! group of (LVB) prior 
to the reversal of the Dieckmann cyclisation to form (IIc). 


EXPERIMENTAL* 


Dieckmann Cyclisation of  Triethyl 2-Methylpentanc-1,2.5-tricarbexylate (1) with 
Sodium Ethoxide in Ethanol Solution.—A mixture of the triester (1, 5.06 g¢.) and sodium 
ethoxide (0.8 g. of Na in 20 ¢.c. of magnesium ethoxide-dried ethanol) in ethanol was 
heated under reflux (bath temperature 100 ) for 3} hours. The reaction mixture was 
cooled, acidified with ice-cold HCl (dil.), diluted with ice water and extracted with 
ether. The solvent was removed and the residue, which gave violet coloration 
with alcoholic ferric chloride, was heated under reflux with a mixture of 20°, HCl 
(28 c.c.) and glacial acetic acid(1 4¢.c.) during 30 hours. The solvents were removed 
under reduced pressuree at 130-40 and the residue was evaporatively distilled at 
105-1107 (04 mm). The distillate (1.9 g., 73°.) solidified on standing and was 
crystallised from ether-petroleum ether (40-60) mixture; after drying in vacuum 


*All m.p.’s are corrected; the absorption spectra were taken in chloroform solution using a Hilger spectro- 
photometer, 
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(0.4 mm) at room temperature a white crystalline product (850 mg.), m.p. 68-€9 , was «| 
tained. On admixture with an authentic specimen of same m.p. there was no depression. 
The semicarbazone prepared by the sodium acetate method after crystallisation from, 
water melted at 202-203" and did not depress the m.p. of an authentic sample. The 2.1 
D.N.P.H. derivative, prepared by the perchloric acid method (Neuberg ef a/., Anal. Chis. 
Acta, 1952, 7, 238) was crystallised from EtAc-MeOH mixture, m.p 148-49 , undepressc«| 
on admixture with an authentic sample. The 2,4-D.N.P.H. derivative of the methy! 
ester prepared by diazomethane method* was crystallised from EtAc-MeOH, mp. 
132-32.5 . 

With Sodium Methoxide in Methanol.—A mixture of the tri-ester (1, 5.0g.) and sodiun 
methoxide solution (from 0.8 g. of sodium and 20c.c. of anhydrous methanol) was heated 
under reflux (oil bath 85-90 ) for 4 hours. Proceeding in the same wayas above the keto 
acid (0.8 g. 30°) was obtained. The distillate on crystallisation furnished a white crysta! 
line solid (120 mg.), m.p. 68-69"; semicarbazone m.p. 202-203°, D.N.P.H.m.p. 148-149 . 
It was identified as 1-methyl-2-oxc-cyclopentylacetic acid by mixed m.p. determination 
D.N.P.H. of the methyl ester m.p. 132-32.5 . 


With Potassium Butoxidet in Butanol' —Tc a solution of potassium (0.99 ¢.) in butano| 
25 c.c.) triester (1, 5.06 g.) was added and the mixture heated under reflux for 6hours «1 
an oil bath (100-105 ). The reaction mixture was cooled and excess the solvent removed 
under reduced pressure. On working up as above a viscous liquid distillate (1.5 y.. 61° 
was obtained which on crystallisation furnished the same keto-acid (IIL) as a crystallin: 
solid m.p. 68-69’, semicarbazone m.p. 202-203", D.N.P.H. m.p. 148-49°. D.N.P.H of the 


methyl ester, m.p. 132-32.5 . 

With Sodium Dust in Xylene solution.—To a suspension of powdered sodium (0.76 ¥.) 
in xylene (20 c.c.) the triester (I, 5.06g.) was added and the mixture was heated to boiling 
till all the sodium had dissolved (1.5 hrs.). On working up in the usual manner the keto-acid 
(1.5 g., 50°%) m.p. 68-69° was obtained. It was identified as 1-methyl-2-oxo-cyclopenty! 
acetic acid through the comparison of the semicarbazone, m.p. 202-203 and D.N.P.H. 
derivative m.p. 148-149 , with those of the authentic sample. D.N.P.H. of the methy! 


ester, m.p. 132-32.5.. 


A New Procedure for the Authentic Sample of 1-Methyl-2-cxo- 
cyclopentylacetic Acid (111) 


Toa suspension of sodium methoxide (from 0.98 g. of sodium and 1.6 ¢.c. anhydrous 
methanol) in dry thiophene-free benzene (15 ¢.c.), cooled in freezing mixture and kept in an 
atmosphere of nitrogen, was added dropwise a solution of ethyl formate (5.7 ¢.c.) and me- 
thyl cyclopentanone-2-acetate (3.1 g.) in dry thiophene-free benzene (10¢.c.) with continu- 
ous shaking. After 15 minutes the solution became deep brown and it was kept in the ice 
bath for 2 hours with occasional shaking. After leaving at room temperature for 48 hour 
iced water was added to the reaction mixture and the benzene layer was separated. The 
benzene layer was washed with ice-cold dilute solution of KOH(2°); 320 c.c.) and 
the alkaline extracts were added to the aqueous layer. The combined aqueous and alkaline 
extract was washed with ether and acidified with ice-cold 6N HCl. The organic material 
was taken up in ether, washed with water, and dried (Na,SO,). On removal of ether 
by distillation and the volatile material in high vacuum the residual formyl! derivative of 
methyl cyclopentanone-2-acetate weighed 2.76 g. It gave characteristic violet colora- 
tion with ethanolic ferric chloride. 
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To the cooled solution of the above crude hydroxymethylene derivative (2.76 g.) 
in dry thiophene-free benzene (15 ¢.c.) was added dropwise freshly distilled monomethy- 
laniline (3.3 e.¢.). The mixture was swirled for some time and then left at room tempe- 
ure for 24 hours. Benzene was slowly distilled from water bath. Additional benzene 
(30 ¢.c.) was added and removed by slow distillation; this operation was repeated thrice. 
The residue was evacuated under high vacuum at 70-80 for | hour and then for 2 hours 
at room temperature in order to remove monomethylaniline (excess) and other volatile 
products. The residue consisted mainly of the methylanilinomethylene derivative (VLA) 
of methyl evclopentanone-2-acetate and weighed 4.09 g. 


Toa stirred solution of potassium butoxidet [from potassium (2.4g.) and dry butanolt 
(ic.c.)] in a three-necked flask, cooled in an ice bath, was added dropwise the solution of 
the crude methylanilinomethylene derivative in dry thiophene-free benzene during which 
the whole system was kept in nitrogen atmosphere. After continuing the stirring for about 
1! hours methyl iodide (11.1 ¢.c.) was added and the reaction mixture was stirred for a 
further period of 4 hours at room temperature. The major part of the solvent was removed 
on water bath under water suction. The residual yellowish product was treated with ice- 
cold water (100 ¢.¢.) containing HCI (cone.,3¢.c.). The product was taken up in benzene- 
ether mixture and the aqueous layer twice extracted with ether. The combined extract 
was thoroughly washed with water, dried (Na,SO,), and the solvents were removed. The 
brown residue (2.5 g.) thus obtained was directly utilised in the next operation. 


The above crude methylated product (2.5 g.) was heated under reflux with 10°, HC! 
(100c.¢.) in an atmosphere of nitrogen for 13 hours. The reaction mixture was cooled and 
extracted with ether. The ethereal solution was washed with brine and the solvent was 
removed. The residue (violet coloration with alcoholic ferric chloride) was heated under 
reflux with aqueous 10° KOH solution (50 c.c.) in an atmosphere of nitrogen for 2 hours. 
The co led reaction product was acidified with ice-cold HCI (dil.) and extracted with ether. 
The extract after drying over anhydrous sodium sulphate was freed from the solvent on a 
water bath. The residue, which gave no coloration with alcoholic ferric chloride, was 
evaporatively distilled at 120-30 11 mm. The distillate (450 mg.) on crystallisation from 
ether-petroleum ether (40-60 ) mixture furnished a white crystalline solid, m.p. 68-69 . 
(Found: C,61.43; H, 7.78. CgH,,0, requires C,61.53; H, 


The semicarbazone of the keto-acid was prepared by the sodium acetate method and 
recrystallised from water, m.p. 202-203 . 


The 2,4-D.N.P.H. of the methylester of the keto-acid (prepared by diazomethane me- 
thod) on crystallisation from EtAc-MeOH melted at 132-32.5 , Amax (CHCI,;), 361 mu 
26,900). 


acid (V). 


Methyl 1-methyl-3-9xo cyciohexanecarboxylate (2.0 g.) was heated under reflux 
with HCI (20 c.c.) for 60 hours. After cooling, the solution was saturated with ammoni- 
um sulphate and extracted twice with ether. The combined ethereal extract was dried 
over anhydrous sodium sulphate and the solvent removed. The residue was evaporatively 
distilledeat 110-15 (0.2 mm). The distillate solidified on cooling and was crystallised 
from ether-petroleum ether (40-60). The crystalline solid thus obtained melted at 78-79 . 
(Found: C, 61.49; H, 7.82. CgH,,0, requires C, 61.53; H, 7.69%). 

The semicarbazone was prepared by the sodium acetate method and recrystallised 
from water, m.p. 19) (decomp.). The 2,4,-D.N.P.H. derivative was prepared by the 


= 
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perchloric acid method (Neuberg ef al., lec. cit.) and on crystallisation from EtAc-McOH 


melted at 155-56. 
The D. N. P.H. derivative of the methyl ester of the keto-acid melted at 129.5 . 
Amaix (CHCI,) 356 mu (€ 26,200), 


Action of Sodium Ethoxide on Diethyl 4-Methyl 2-cxo-cyclohexane- 
1, 4-dicarhoxylate (IVb). 


To a solution of sodium (0.25 g.) in anhydrous ethanol (distilled over magnesium 
ethoxide, 4.5¢.¢.) the keto-diester (IVb) (prepared according to procedure described in Part 
IT) (2.4g.) was added and the solution was heated under reflux for 7} hours in an oil bath 
After cooling the reaction mixture was acidified with ice-cold H,SO, (dil.) and extracted 
twice with ether. The combined ethereal! extract was washed with water and dried over 
anhydrous sodium sulphate. After removal of the solvent the residue (violet colour with 
alcoholic ferric chloride) was heated under reflux with a mixture of 20°, HCI(14 ¢.c.) and 
glacial acetic acid (7e.c.) for 20 hours. The volatile material was removed under water 
suction on an oil bath at 130-40. After removal of the traces of moisture by azeotropic 
distillation with benzene, the residue was evaporatively distilled at 110-15 (0.5 mm). 
The distillate (0.8 g.) solidified on cooling. On crystallisation from ether-petro'eum ether 
(40-60 ) mixture it furnished a solid, m.p. 78-79 , which showed nodepression on admixture 
with an authentic sample of I-methyl-3-oxo-cyclohexanecarboxylic acid. The semicar- 
bazone,m.p.190 (decomp.) andthe 2.4-D.N.P.H. derivative m.p. 155-156 did not depress 
the m.p. of the corresponding derivatives of the authentic sample. 

Best thanks of the authors are due to the Council of Scientific and Industrial Re- 
search fora grant. The authors are grateful to Dr. P. Sen Gupta of East India Pharmaceuti- 
cal Works, Ltd., for the determination of U.V. spectra. 
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Reactive Methylene Compounds. Part X. Behaviour with 
some Polynitrohalogenobenzenes 


H. G. Garg* 


3chaviour of several polynitrohalogenobenzenes with reactive methylene compounds has been investi- 
gated and characteristics of the derivatives are described. 

The relative reactivity of the (-CH, -) in reactive methylene compounds usually de- 
pends on the character of the attached electronegative groups. With a view to sub- 
jecting the above postulate to experimental verification the condensation of a number of 
methylene compounds with polynitrohalogenobenzenes has been investigated. 

In 1-phenyl-3-methyl-5-pyrazolone and 1-(4-nitrophenyl)-3-methyl-5-pyrazolone, 
the hydrogen atom of the methylene group at 4-position is very reactive, so much so, that 
they react with 1l-bromo-2, 4-dinitrobenzene in ethanolic solution containing scdium 
acctate and yield the substituted derivative (cf. Rowe and Twitchett, J. Chem. Soc., 1936, 
174). The various compounds, thus prepared, are described in Table I and IT, 


CH,——C-Me 


| 1—Br. C, H, (NO,),—2,4—> 2,4—(0,N),C, H;— CH——C—Me 


| 


\ 
R 
(R=Phenyl or substituted phenyl) 
1-Bromo.-?, 4-dinitrobenzene did not however react with indane-1, 3-dione, methone, 
benzoylacetones, acetoacetic esters, or diethyl malonate under these conditions; scdium 
salts of these had to be prepared which reacted with l-bromo-2,4-dinitrobenzene to afford 
the corresponding dinitrophenyl derivatives. 


Na* + 1-Br. C,H, (NO,),-2.4 > —C¢H, (NO,),-2,4 


O 


ne \—C.H, (NO,),-2.4 
Na* i 1-Br. (NO,),-2,4 Me— 
MA 


*Present address; Central Drug Research Institute, Lucknow. 
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Univ., 1956). 


thods. 


in diethylaniline. 


No. 4-Substituted-l-phenyl-3-methyl- Yield  M.P. 
5-pyrazolone 


1. 4-(2,4-Dinitropheny])- 82%, 216° 
2. 4-(5-Chloro-4, 6-dinitropheny])- 76 236° 
3. 4-(3-Methyl-4, 6-dinitropheny])- 48 215° 
4. 4-(2-chloro-4, 6-dinitropheny])- 58 218° 
5. 4-(2-Bromo-4, 6-dinitropheny])- 58 216° 
6. 4-(2,6-Dinitro-4-bromopheny])- 49 220° 
7. 4-(3,5-Dibromo-2, 4-dinitrophenyl)- 49 202° 
8. 4-(2,4,6-Trinitro-3- 

methylpheny]) 46 252° 
9. 4-(2,4,6-Trinitrophenyl)- . 220° 


No 4-Substituted-1-(4-nitrophenyl)- Yield M.P. 
3-methyl-5-pyrazolone. 


1. 4-(2,4-Dinitropheny])- 80% 285° 
2. 4-(3-Chloro-4, 6-dinitrophenyl)- 74 261° 
3. 4-(3-Methyl-4, 6-dinitropheny])- 40 259° 
4. 4-(2-Chloro-4, 6-dinitrophenyl)- 60 221° 
5. 4-(2-Bromo-4, 6-dinitrophenyl)- 61 226° 
6. 4-(2,6-Dinitro-4-bromopheny])- 52 248° 


7,  4-(3-Methyl-2,4,6-trinitrophenyl)- 42 Above 
300° 

8. 4-(2,4,6-Trinitrophenyl)- 53 Above. 
300° 

9. 4-(3,5-Dibromo-2,4-dinitrophenyl)- 49 226° 


*Melting points are uncorrected, 
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TABLE I 


TABLE II 


EXPERIMENTAL*® 
1-Phenyl-?-methy!-5-pyrazolone (Knorr, Ber., 1883, 16, 2597), 1-(4-nitrophenyl)-3- 
methyl-5-pyrazolone (Altschul, Ber., 1892, 25, 1853), indane-1, 3-dione (Teeters and Shiri- 
ner, J. Amer. Chem. Soc., 1933, 55, 3027), methone (Vérlander, Z. anal. Chem., 1929, 77, 
245) and benzoylacetones (Garg, this Journal, 1961, 38, 113) were prepared by known me- 


Colour 


Orange 
Yellow 
Orange 


” 


Yellow 

brown 
Brown 


Colour 


Chocolate 
Yellow 


” 


Brown 


Blackish 
brown 
Dark 

brown 


” 


Brown 


Formula 


CigH:205Ny 
4O5Ny 
,05CIN, 
CigH:,0;BrN, 


C,7H,305N; 
Cig, ,0,N; 


Formula 


CigHs N50, 
Ci7Hi3N507 

CigHoBrN,0, 


C; 7H 1 2Ng0o 


C,gHoBr,N;07 


In the case of benzoylacetic ester or dibenzoylmethane even the sodium salt did not 
react smoothly (cf. Borsche, Ber., 1909, 42, 601) and the potassium salts had to be prepar- 
e1 which yielded the required dinitropheny! derivatives (cf. Gambhir, Ph.D. Thesis, Ayra 


Found 


N : 16.24 
Cl: 9.32 
N : 15.67 
Cl: 9.28 
Br: 18.89 
Br: 18.92 


Br: 32.34 


N: 17.41 
N: 18.01 


Reactive halogen compounds were obtained either by nitration of the corresponding 
halogenobenzenes or by treatment of polynitrophenols with p-toluenesulphonyl chloride 


1- me -2, 4-dinitre benz ne 
(0.01-M) was added toa boiling solution of 1-phenyl-3-methyl-5-pyrazolone (0.01-3/) in 
ethanol (100c.c.) containing sodium acetate (8 g.). The mixture was refluxed for 4 hours 
and then diluted with water. The crude product after recrystallisation from a mixture of 
ethanol and acetic acid furnished a crystalline compound. 

By adopting a similar procedure other substituted pyrazolones from 1-phenyl-3- 
methyl-5-pyrazolones and were prepared; 
their characteristics are given in Table I and II respectively. 


Cale, 


16.47 

9.48 
15.81 

9.47 
19.09 
19.09 
32.13 


17.54 
18.18 


Cale. 


18.18 
8.46 
17.54 
8.46 
17.24 
17.24 


18.91 


19.53 


29.46 


|| 
: 
N : 18.02 
Cl: 8.58 
N :17.41 
Cl: 8.31 
Br: 17.14 
Br: 17.14 
N : 18.78 
N:148 
— 
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2-(2,4-Dini/rophenyl)-indane-1,3-dione.—A suspension of the moncsc dium derivative 
of indane-1,3-dione (0.05-M) in ethanol (l5c.c.) and 1-bromo-2, 4-dinitrobenzene 
(0.05 M) were refluxed for 5 hours and filtered. The filtrate was acidified with acetic acid 
and allowed to stand. A gummy product separating after treatment with activated 
charcoal gave a crystalline product from acetic acid. 


By adopting a similar procedure derivatives from methone and benzoylacetones 
were prepared, Characteristics are summarized in Table III. 


TABLE Il 
. 2,4-Dinitrophenyl-detivative of | Yield M.P. Colour. Formula. Found. 


Indane-1,3-dione 58% 242° Yellow C,;Hg0¢gN. N: 8.68 
Methone 60 254° Light Ci gH, N: 9.07 
yellow 
4-Chlorobenzoylacetone 138° Colourless CygH,;,OgCIN, Cl: 9.61 
4-Bromobenzoylacetone 168° Colourless C,gH,;,OgBrN, Br: 19.51 
4-Methylbenzoylacetone 112° Pale : 7.98 
yellow 
4-Methoxybenzoylacetone 118° ale C,7H,407N, : 8.01 
yellow 
3,4-Dichlorobenzoylacetone 38° Pale 
yellow 
3. 2-Chloro-5-methyl benzoylacetone 22 Colourless C,7H,,0gCLN, 


Author’s sincere thanks are due to Dr. 8. 8S. Joshi, D.Sc., Principal, Meerut College, 
Meerut, for his keen interest and to the Ministry of Scientific Reasearch and Cultural Afiairs 
for the award of a scholarship. 
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Investigations on the Kinetics of the Reaction between 
Potassium Persulphate and Tartaric Acid 


L. K. Saxena and C. P. Singhal 


The reaction between potassium persulphate and tartaric acid has been studied from the view point of 


kinetics. Its order is found to vary from 2 to 1 with the progress of the reaction. A very interesting observation 
is that the change of order begins during the course of the reaction when the concentration of the persulphate 
falls to almost half its initial value. The temperature coefficient and the activation energy of the reaction are 
found to be 1.5 and 8183 cals. respectively. H* ion exerts a catalysing influence on the reaction rate. These 
observations have been explained by a chain mechanism leading to a kinetic expression for the reaction rate. 

The reaction between potassium persulphate and several reducing ions, such as 
oxalate, formate, etc., has been studied by a number of workers and various mechanisms 
have been suggested to explain the reaction in each case. Ghosh and co-workers 
following the work of King (J. Amer. Chem. Soc., 1927, 49, 2689: 1928, 50, 2080: 
1930, 52, 4779) and Howells (J. Chem. Soc., 1939, 462, 466) studied the catalysed 
and the uncatalysed reactions between oxalic acid and potassium persulphate 
(Z. physikal. Chem., 1953, 202, 191; 1956, 205, 332). Allen (J. Amer. Chem. Sor., 1951, 72, 
3589) studied the copper-catalysed reaction between oxelate and persulphate ions. The 
kinetics of the reaction between potassium formate and potassium persulphate also form- 
ed a topic of study by Ghosh etal. (Z. physikal. Chem., 1953, 202, 198; 1957, 207, 161). The 
authors studied the uncatalysed reaction between oxalic acid and potassium persulphate 
and observed it to be extremely slow with regard to the reduction of the persulphate by 
the acid (Agra Univ. Jour. Res., Sci. 1957, 6, 2). A tentative mechanism for this reaction 
covering its various features has been suggested (Z. physikal. Chem., 1959, 211, 161; 1960, 
214, 179). 

A search of the literature shows that the kinetics of the reaction between potassium 
persulphate and tartaric acid has not been studied so far. The reaction appeared interest - 
ing to the authors, particularly because of the presence of reducing hydroxyl group in the 
tartaric acid molecule. The present communication deals with the kinetics of the reduc- 
tion of potassium persulphate by tartaric acid with a view to arriving at a probable 
mechanism of the reaction. 


EXPERIMENTAL 

Standard solutions of potassium persulphate and tartaric acid (both Analar quality, 
B.D.H) were prepared in double distilled water. Required amounts of freshly prepared 
solutions were adjusted to desired temperatures before these were mixed in pyrex conical 
flasks kept in a thermostat maintained at those temperatures. After suitable intervals of 
time 10 c.c. aliquots of the reaction mixture were withdrawn and analysed for residual 
potassium persulphate by the method mentioned in our previous publications (loc. cit.). 

The unimolecular and bimolecular velocity coefficients were calculated by the usual 
formulas: 


k, = (2.303/t) log a/(a-a) 
k, = x/al(a-x) 
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Influence of Tempzrature on Reaction Velocity: 


TABLE I 
t. (a-x). 103, k.X103.  (a-z). X103,  (a—x) ke 103 
(a) Temp.=50". (b) Temp.=40". (c) Temp.=30°. 

Omins. 9.9 c.c. - - - 9.9 c.c. - 

30 7.8 7.945 0.9065 8.6 5.028 0.5426 - - 

60 6.5 7.011 0.8806 7.6 4.574 0.5262 = 8.5 2.541 0.2773 
5.6 6.331 0.8620) 6.8 4.286 0.5229 
120 4.8 6.034 0.8945 6.1 4.120 0.5328 7.5 2.313 0.2694 
150 4.1 5.878 ) 0.9526 5.5 ‘ 3.981 0.5454 - - - 
180 3.6 5.620 | 0.9819 5.0 3.851) 0.5555. 6.8 2.086 0.2559 
210 3.1 5.608 | 1080 4.5 3.804 > 0.5821 - - - 
240 2.6 5.571 | mean 1.181 4.1 3.715) mean 0.5996 6.2 1.950 0.2512 
270 2.2 5.571 | =5.662 1.309 - - =3.747 - - - - 
300 1.9 5.503 | 1418 34 3.596 0.6471 5.6 1.900 0.2586 
330 1.6 5.525 1.588 - - - - 
360 1.3 5.640 | 1.857 2.8 3.536 0.7142 5.2 1.788 (0.2536 
300 11 5.633 2.072 - - - 4.8 1.724 0.2557 
420 0.9 a0} 2.405 5.6 1.900 0.2556 
480 ‘ 4.4 1.690 0.2631 
540 4.0 1.678 €.2759 


A scrutiny of the values of k, and k, in Table I shows that at 50°), at equal con- 
centrations of the reactants, the reaction follows the second order equation up to 120 
mins. and then first order till completion. As the temperature is lowered, the period of 
second order increases, viz., 180 mins. at 40° and 420 mins. at 30°; in each case the 
second order is followed by the first order reaction. It is further observed that the change 
from the second order to the first takes place when the concentration of the persulphate 
falls to about halfof its initial value. The temperature coefficient of the reaction between 
40 /50°, as calculated from the mean unimolecular coefficients (in parenthesis) comes out 
to be 1.5 and the corresponding activation energy comes out to be 8183 cals. 


Order of the Reaction 
By same Fractional Reaction Pericd.— Fig. 1 gives the x-t curves for the 
reaction at 50° for two different concentrations of the reactants. For curve 1 
the concentration of each of the reactants was 0.02 M (C,), whereas in 


= a 
= 
= 1 
= 
> : 

604 

< H 
S 40- 

3 ‘ 
= 
‘ 

204 J: : 

‘ 
= H 

— 
= 
0-0 
& 
0 120 240 360 


—— (in mins.) ———— 


FIG 1. Order by } time period. 


of d 
te 
re 
d 
e 
e 
e 
1 
| 


348 L. K. SAXENA AND C. P. SINGHAL 


curve 2, the concentration of persulphate was 0.02.M and that of tartaric acid 0.04 M((,). 
The order (x) of the reaction, calculated by the expression given below, is shown in Table IT. 


, log t,—log ¢, 


n=14 
log C,— log C, 


where, ¢, and ¢, are the times for the same fraction of the reaction at concentrations (, 


and C,. 
TABLE II 
Temp. = 50°. 
No. Fraction of Times (mins.) from Fig. 1. C,/C; n, 
reaction. th. ty. 

1 1/4 39 24 2.0 1.75 
2 1/2 114 90 2.0 1.34 
3 3/4 255 204 2.0 1.32 


Data in Table II show that the reaction first follows second order till 1/4 of the 
reaction is completed. After this it proceeds first order. 

By Isolation Method.—The velocity of reaction between persulphate and tartaric 
acid may be represented by the equation: 


d 
dt =k C," 
where, C, and C,, are the concentrations of the persulphate and tartaric acid respectively, and 
m-+-n represents the total order of the reaction. For determining m and n, two sets of ex- 
periments were performed in which the concentrations of tartaric acid (C’, & C,,’) were varied 
but kept in large excess of persulphate, the concentration of which was kept constant. 
The unimolecular velocity constants (k,’ & k,’’) were calculated for both the experiments, 
which gave the value of ‘m’. The results are summarised in Table III. 


TABLE III 
Temp = 50. 
(K,S,08),=0.005.M (C,). (K,8,08),=0.005M 
(Tar Ac),=0.05M (C’,). (Tar Ac),=0.10 M (C",) 
t. (a-x). (a-x). k’;. 
i 0 min. 9.8 c.c. oe 9.9 c.c. oe 
15 6.2 9.0305 5.8 0.0358 
30 3.8 0.0316 2.7 0.0433 
45 2.2 0.0332 1.5 0.0422 
60 1.2 ).0335 0.25 0.0588 


The value of x was calculated by the expression: 


n= log | log 
I 2 


Its value comes out to be 0.33, thus, the total order of the reaction by this method 
is 1.3. 


| 
| 
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Tartaric Acid.—The constancy of the unimolecular coefficients is notieeable 
after the concentration of the persulphate is reduced to almost half its initial value. It is 
to be noted that the period of unimolecular reaction tends to increase with the increase 
in the concentration of tartaric acid. 


TABLE IV 
[(K,S,0,)] =0.02M. Temp.=50". 


Concentration of tartaric aeid. 


t. 0.0025 M. 0.005 M. 0.01 M. (02 M. 0.04 M. 
(ky x 103) 
30 3.585 4.353 7.186 7.945 11.080 
60 3.174 4.237 6.339 7.011 8.913 
120 2.686 3.550 5.281 6.034 7.147 
180 2.455 3.311 4.977} 5.620) ped 
240 2.258 3.152 | 4.798 | 5.571! 7.3444 
300 2.986 | 4.690 | 5.503 7.980 | 
360 2.101 2.862) 4.708) 5.640) 7.783 


Potassium Persulphate.—The unimolecular ccefficients show constancy when the 
concentration of the persulphate lies between 0.001.M and 0.008M, Beyond 0.0C8M, viz., 
at 0.01637 and 0.032M the unimo!ecular coefficients do not beccme ccnstant until the 
concentration of persulphate is reduced to about 56°, of its initial value. Another 
interesting feature of the reaction is that on increasing the concentration of the persul- 
phate the values of k, decrease (Table V). 


TABLE V 
[(CHOH.COOH),],=0.02M. Temp.=50". 


Concentractions of potassium persulphate. 


é. 0.001 M. 0.002 M. 0.004 M. 0.008 M. 0.016 M. 0.032 M. 
(k.< 103) 
0 mins. an ae as 
30 29.32) 27.207 17.68) 15.81 11.21 12.26 
60 33.753 28.60 19.84 : 15.79 10.91 7.58 
90 i 30.00 22.03 | 15.63 ! 10.10 6.88 
129 23.60 16.22 9.72) 6.22 
150 oe 16.70 9.70 | 5.94 
180 17.77 9.47 } 5.79 | 
210 9.27 | 5,80 
240 9.44 5.77 
270 5.75 | 
300 5.72 J 
330 5.70 


Comptrative Study of the Effect of Sulphuric Acid, Sodium Acetate and 
Oxygen on Reaction Velocity 


It is observed from Table VI that oxygen and sulphuric acid accelerate the reaction, 
whereas sodium acetate suppresses it, but in each case the reaction is of first order. It is 
further noted that in presence of sodium acetate the reaction has a period of induction, 
as high as about six hours at a concentration of 1.0N. Some observations showed that 
the reaction is slightly catalysed by the glass surface, 
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TABLE VI 
Temp.=50°. 
Nil. Oxygen at const. O.05N- O.05N- 
pressure H,SO,. CH,COONAa, 
t. (ky 10%). 
30 7.945 8.474 13.36 0.0 
60 7.0L 7.903 12.88 3.11 
90 6.331 ow 12.67 3.81 
120 6.034 7.063 12.62 3.85 
150 5.878 we 12.65 3.63 
180 5.620 6.960 12.79 3.42 
210 5.608 as 13.40 3.30 
240 5.571 6.836 3.06 


DISCUSSION 


The reaction between potassium persulphate and tartaric acid may be represented 
by the following stoichiometric equation: 


5 K,S,0,-+ (CHOH.COOH), + 2H,0 = 10KHSO,+4 CO, 


which suggests that the reaction should be of the sixth order (concentration of water being 
regarded as constant). But the experimental results show that its order changes from two 
to one, the period of transition being dependent on temperature, concentrations of the 
reactants, pH of the reaction mixture, ete. These observations can be explained by the 
following chain mechanism similar to that suggested by the authors for the decomposi- 
tion of persulphate in aqueous solution (lc. cit.). 


8,0,2— = 2 80,” Initital step (1) 
SO, + H,O = HSO, + OH slow (2) 
2 OH = H,O + 30, rapid (3) 
CHOH.COO?- CHOH.COO- - slow but 
+ | + | 
CHOH.COO CHOH.COO faster than (2) } (4) 
CHOH.COO- CHOH.COOH 
| + 30, = | +CO,~ rapid (5) 
CHOH.COO COOH 
+8,0,*- = CO,+80,?7- + SO,~ (6) 
co,- + 80,- = CO, + S0,- very slow at low 
cone, of both. — (7) 
In view of the above mechanism, we have: . 
dC's,,03?— 


By employing the usual stationary state approximations for the radicals CO,~, SO,~ and 
Tar” (tartrate radical) and assuming step (7) to be negligibly slow at low concentrations of 
CO,- and SO, radicals, we get 

k, Cso,~ Crar*- 
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Substituting these values in expression (i) we obtain 


k,k,Cs,092— Crar?— 


Ina dilute solution Cy,o may be regarded as constant; hence, 


dt =k,Cs,07~ +- (k,ky/ ) Crar*— 


(where k’,=k,Cn,0) 
=k,Cs,0,7— [ +-(kyCyar?— / k’,)] Te (vi) 


At lower temperatures, e.g., at 30°, step (2) is negligibly slow (loc. cit.) so that k’, is very 
small compared to k,, hence [1 +-(k,C Tar?~ / k,’)] becomes almost equal to (k,C'var?—/k’,) 


= kC's,0,*-. C 


This equation is supported by Table I (c) and by I (a) and I(4) during the beginning of the 
reaction. The change of order from 2 to 1 (Table 1) after certain interval of time at 40° and 
50 is due to the fall of concentration of persulphate to such alow value, as a result of the 
initial bimolecular reaction, that the concentration of tartaric acid becomes very large 
compared to that of the persulphate and the reaction becomes pseudounimolecular, It 
is interesting to note that this change of order from 2 to 1 takes place when the concentra- 
tion of persulphate is reduced almost to half of its initial value. These observations are 
supported by the data recorded in Tables IV and V. 


The caialysing influence of oxygen (Table VI) supports siep (5) of the suggested me- 
chanism. H* ions also appear to catalyse the reactions, as shown (Table VI) by the increase 
of reaction rate in presence of sulphuric acid, and decrease of reaction rate in presence of 
sodium acetate. The effect of perchloric, hydrochloric and nitric acids is similar to that 
of sulphuric acid. 

The authors express their sincere thanks to the Ministry of Education, Govern- 
ment of India, for granting a scholarship to carry on these investigations and to the 
Scientific Research Committee, Uttar Pradesh, for granting a contingency sum. 
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Amino Derivatives of Tungsten (V1) Oxytetrachloride. 
Part I 


Sarju Prasad and K. S. R. Krishnaiah 


The amino derivatives of tungsten (VI) oxytetrachloride have been prepared by the action of tungsten 
(VI) oxytetrachloride on some mono- and diamines, their properties studied and structures discussed. 
Very little work appears to have been done on the formation of the compounds of 
tungsten (VI) oxytetrachloride with amines and heterocyclic bases in organic solvents, 
Rideal (J. Chem. Soc., 1889, 55, 41) obtained W,N, by the action of dry ammonia on 
WOCI, in the cold. Rosenheim and Jacobsohn (Z. anorg. Chem., 1906, 50, 297) cbtained 
WO,.3NH, by heating WO,Cl, with liquid ammonia under pressure. The authors have 
already studied the formation of compounds of WC], with organic bases (this Jowrnal, 
1960, 27, 588; 1961, 28, 182: 1961, 28, 177). The work has now been extended to study 
the formation of compounds by treating tungsten (VI) oxytetrachloride with primary 
mono- and diamines in organic solvents. 


EXPERIMENTAL 


The amines used were of Merck or B. D. H. ‘extra pure’ quality. The organic sol- 
vents were dried and distilled. Tungsten (VI) oxytetrachloride was prepared by 
heating a mixture of tungsten trioxide and sugar charcoal first in a current of dry CO, 
until all the air and moisture were expelled, and then in a current of dry chlorine. Excess 
of chlorine was removed by passing dry CO,. It was then distilled in a current of CO, and 
extracted with carbon disulphide. 

General Method of Preparation—A solution of the amine in benzene was slowly 
added to WOC', solution with constant shaking till the precipitation was complete and 
the amine was in slight excess. In the case of toluidines, only a slight precipitate appeared 
on the addition of the amine solution and much of the compound separated after allowing 
the mixture to stand overnight in a desiccator over CaCl,. It was filtered and washed with 
benzene till free of the amine. All these operations were carried out in a dry atmosphere, 
The precipitate was filter-pressed and finally dried in a vacuum desiccator. 

Chlorine was estimated by Piria and Schifi’s method, tungsten as WO,, and nitrogen 
in few cases by Kjeldahl’s method. 

General Properties.—All the compounds are colcured, insoluble in benzene, ether 
and carbon disulphide, but sparingly soluble in ethanol and acetone. The compounds 
formed with monoamines are, however, sparingly soluble in carbondisulphide. These 
are fairly stable in dry atmosphere, but when exposed to moist air for a long time they 
absorb moisture and decompose, compounds formed with diamines being more stable than 
those with monoamines. The aqueous extract of the compounds responds to the test for 
chloride, showing thereby that chlorine is in an ionizable state. These compounds are 
decomposed by acids and alkalies. 

When heated alone the compounds decompose before melting, give a sublimate which 
is soluble in water, acidic and responds to tests for chloride and amine. The compounds 
with monoamines afford this sublimate at lower temperatures than those with diamines. 
When heated with soda lime the corresponding amine separates out and condenses in the 
cooler part of the tube. 


TABLE I 


> 
A. Compound of tungsten (VI) oxvteteachineide with 
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DISCUSSION 

In all the cases studied, four molecules of a monoamine or two molecules of a dia- 
mine attach themselves to one molecule of tungsten (VI) oxytetrachloride. The amines 
appear to attach themselves to the central atom, chelate compounds being formed in the 
case of diamines which are probably responsible for their greater stability, and may be 
represented as [WO(4A)] Cl, (where A=monoamine) and [WO(2D)| Cl, (where 
D=diamine). The E. A. N. of tungsten does not assume inert gas configuration and 
therefore the compounds, though stable in the dry atmosphere at the room temperature, 
begin to hydrolyse slowly as soon as they come into contact with moist air or when 
treated with water or dilute alkalies. 

The authors’ sincere thanks are due to the authorities of the Banaras Hindu Univer. 
sity for providing facilities. 


CHEMICAL LABORATORIES, 
Banaras Hinpvu UNIVERsITy, Received December 7, 1960, 
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Studies in Chromium Arsenate Sol. Part Iii. Changes in 
Extinction, /H and Electrical Conductance of the Sol 
During Coagulation at Different Stages of Dialysis 


P. C. Jain and S. N. Banerji 


A study of the influence of K2SO, on the colloidal solution of chromium arsenate by light extinction 
method reveals that coagulation is accelerated with increasing amount of electrolyte until at a certain 
concentration it is maximum. Higher concentrations than this give rise to loose aggregation. The pH of the 
sol increases with increasing amounts of K28O4. This is notlimited up to the coagulation point but goes on even 
beyond it. The electrical conductance of the sol itself decreases continuously with addition of the electrolyte. 

The structure of the sol particles and the changes taking place during their coagulation have been discussed 
on the basis of the observations of extinction, pH and electrical conductivity. 


The constitution of the particle in many sols, especially of the hydrous oxides of 
iron, aluminium, chromium and several other colloidal systems has been the subject of many 
enquiries. Thus, Wyroubofi and Verneuil (Bull. Soc. chim., 1899, 21, 137) in their studies of 
coagulation of a ferric oxide sol with an electrolyte, suggested that the various prepara- 
tions contained basic salts or chlorides of condensed hydroxides. Weiser (J. Phys. Chem., 
1920, 227, 328) criticised this view of a definite formula because the composition of the 
dialysed colloid depends on the mode of its formation. Thomas et al (“Colloid Chemistry’, 
1934, Chap. VIII) state that the dispersed phase in the hydrous oxide sols consists of olated 
and possibly oxalated compounds of Werner type. Ghosh et al (Kolloid Z., 1951, i24, 
69, 1952, 127, 27; 1953, 180, 167; 1955, 142, 104; Proc. Nat. Acad. Sci. India, 1954, 28, 489, 
142; 1956, 25, 190) have emphasised the role of exchange adsorption in the precipitation 
phenomenon and have opined that the formation of a basic salt is a remote possibility. 
Ghosh and Aditya (this Journal, 1952, 29, 296) came to a similar conclusion for stannic 
oxide sol. In a preceding paper (ibid., 1959, 36, 323) we have dealt with the changes in 
pH of chromium tungstate sol. The increase in pH with the addition of K,SO, has been 
explained there as due to adsorption of H,O* ions on the partly neutralised surface of 
the sol particle, causing thereby an increase in the OH™~ ion concentration of the 
medium. 

In the present communication we have studied the changes in extinction, yH, and 
electrical conductance of chromium arsenate sol during coagulation at various stages of 
dialysis, 

EXPERIMENTAL 

The extinction measurements were made with a photoelectric colorimeter (Litchtele- 
ktrisches Kolorimeter, Modell-V1) using red filter and 5 c.c, cuvette. As difference in the 
method of mixing of electrolyte with the sol causes a difference in the coagulation behaviour, 
care was taken to maintain uniformity in the process of mixing as far as possible. The 
procedure followed was to arrange a series of eleven beakers containing the electrolyte 
solution in which its concentration was systematically varied keeping the total volume 
constant (20 ¢.c.). These solutions were then added and thoroughly mixed in the same 
number of beakers each containing 20 c.c, of the sol. Everytime extinction readings were 
taken after 3 minutes of mixing. The results of such measurements are represented in Fig. 1. 


960, 
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pH measurements were taken with a Beckman pH-meter (Model-M) using glass and 
calomel (saturated) electrodes. The instrument was standardised with a standard bufier 
solution. Fig. 2. shows the changes in the »H of sol with the addition of varying amounts 
of electrolyte. 

Conductance measurements were made with a Doran oscillator and a Mullard con- 
ductivity bridge. Specific conductances of the mixture of sol plus electrolyte (K,,) and 
that of the electrolyte alone (K.) were determined. The latter was subtracted from 
the former so as to provide the changes in conductance of the sol itself effected by the ad- 
dition of the electrolyte. Fig. 3 shows such changes in the sol conductance. 

Table | records the percentage composition of the sol and the concentration of K,SO, 
used for coagulation of the sol under various stages of dialysis. 


Dialysis TABLE I 
Stages. Duration. Percentages of Conc. of 
Crs*, AsO,43-. cr. K280, soln. 
I 1 0.4465 0.4662 0.4731 2M/3 
II 2 0.3456 0.4078 0.3154 M/10 
Ill 3 [0.3029 0.3713 0.1912 M/25 
IV 4 0.2772 0.3545 0.1005 M/50 
Vv 5 0.2581 6.3420 0.0502 M/75 
VI 6 0.2485 3375 0.0200 M/ 100 


DISCUSSLON 
Fig. | shows the extinction-concentration curves, which indicate that to start with 
there seems to be no change in extinction by the addition of K,SO,. With increasing 


Extinction 


K,S0, 
r1G. 1. Variation of extinction by the addition of K.SO, to chromium 
arsenate sol at different stages of purity. 
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amounts of the electrolyte, coagulation is accelerated until rapid coagulation sets in and 
there is a sudden rise in the extinction curves. It is further observed that at higher con- 
centrations of the electrolyte, there is a fall in the extinction curves. This is due to the 
formation of loose flocs which scatter relatively little light than those formed at lower 
concentrations. In the latter case, the aggregates obtained are comparatively dense as 
the repulsive action of the double layer is not completely removed. In the absence of 
repulsive action, attained with the addition of excess of the coagulating electrolyte, the 
rate of formation of flocs is large; irregular, and rather loose flocs scatter less light, giving 
thereby lower extinction values (sol IV and sol V). It has been observed that highly 
purified sols tend to gel formation with the addition of electrolyte, which is not sufficient 
to lead to anormal flocculation. In such cases the partly discharged particles are evidently 
attached to each other at very few spots and give rise to the formation of a lace-like struc- 
ture in which the included intermicellar liquid is immobilised and consequently the ex- 
tinction values are much lower (sol VI). Similar behaviour has been noted by us in the 
case of chromium tungstate sol (loc. cit.). 

Fig. 2 shows that the pH increases with the purity of the sol. This phenomenon 
is ascribed to the removal of stabilising agent, acidic chromium chloride, from the intermi- 
cellar liquid, 


K,S0, (e.c.) 
FIG, 2. Variation of pH by addition of K280, to chromium 
arsenate sol at different stages of purity. 


There is increase in pH of the sol with the addition of increasing amounts of K,SO,. 
This is not limited up to the coagulation point, but goes on even beyond it. 
It has already been pointed out that Thomas et al (loc. cit.) held the view that the in- 
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crease in pH with the addition of a neutral electrolyte to the hydroxide sols of iron, chro- 
mium, aluminium, thorium, and beryllium was due to the replacement of OH™ groups hy 
the anions of the added salts. Iyer (Proc. Indian Acad. Sci. 1934, 11, 372) postulated the 
presence of OH™ and CI” ions in the diffuse portion of the double layer and accounted for 
the change in the pH value as due to the displacement of OH™ ions. 

The above explanations for the increase in alkalinity of the medium observed during 
coagulation do not appear probable. X-ray studies by Bohm et al (Z. anorg. Chem, 1925, 
149, 208; 1923, 122.7.) and by Fricke and Havestadt (ihid, 1930, 188, 357; 1931, 198, 120: 
Kolloid Z., 1931, 586, 166) and later on by Weiser and Milligan (T'rans. Faraday Soc., 1936, 
32, 358; J. Phys. Chem., 1935, 40, 40) rule out the formation of basic salts. Rai and 
Ghosh (loc. cit.) ascribed the increase in 7H to the adsorption of hydroxonium ions during 
the process of coagulation. 

Taking in view the above considerations and the tendency of a particle to extend 
its crystal lattice as well as the fact that the concentration of Cr3t ions is relatively large 
(Table I), the structure of the colloidal units of the chromium arsenate sol may be represent - 
ed as follows, thus implying that the positive charge and the stability are to be attributed 


CrAsO,-XH,O | Cr’? 
| H?* 


cr 


to chromium ions and the hydrogen ions which are firmly attached to the surface of the 
colloidal particle, whereas CI” ions-form the diffuse outer layer in equilibrium with the 
adsorbed ions. 

The chloride ions are mostly held by electrostatic attraction of the adsorbed positive 
inner layer (the fixed part of the double layer). It may be argued that the chloride ions may 
function in the same manner as suggested for the chromium and hydrogen ions. A sol is 
known to be preferably stabilised by an ion, which is present in its own lattice. On the 
addition of the sulphate ions, the Debye-Hiickel atmosphere shrinks and a decrease 
in its shell thickness occurs. This results in the redistribution of charges within the shell 
from uniform to non-uniform and in the increase of their density, whereby the probability 
of encounter between the stabilising and coagulating ions, which is very low in the peptis- 
ed sol, increases in the coagulating sols. Whereas in the metastable sols, the association- 
dissociation tendencies are at equilibrium (Tezak, Arhiv. Kem., 1950, 22, 26), when the 
anions are introduced, the electric charge on the colloidal particle decreases by neutralisa- 
tion and a partly neutralised surface is formed. It has the tendency to adsorb H,O* 
from the system. In this way, the surface is continually discharged by the SO,?~ ions and 
again becomes charged by the hydrogen ions from the medium leaving OH” ions in the 
system. Thus the increase in pH is observed (Fig. 2). 

The sol particles are highly charged, but the total conductance of the pure sol is 
usually too low due to the smallness of the total number of particles. The electrical con- 
ductance of a sol is, in general, due to the conductance of the sol particles as also that of 
the stabilising electrolytes. The contribution of the former is low unless the behaviour 
of the colloidal units is like that ofa colloidal electrolyte since the colloidal particle may be 
visualised as a charged unit, which binds up the ions in the double layer so that the oppo- 
sitely charged ions cannot also contribute substantially to the electrical conductance. 

Fig. 3 shows that the conductance of the sol, calecualted from K,, - K, (where K,, 
is the conductance of the sol plus electrolyte, and K, that of the electrolyte) at all stages of 
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dialysis of sol decreases continuously by the addition of increasing amounts of electrolyte 
and that the decrease in purer sols is of more interest than for impure sols. Onsager and 
Fuoss (J. Phys. Soc., 1948, 8, 246) have demonstrated that on addition of salts to polyelec- 
trolytes, the observed conductance in an arbitrary mixture of ions is less than the value 
obtained by adding the individual ionic conductances. Addition of the solution of K,SO, 
toa solution ofsodium arsenate, has been found by us to decrease the conductance though 
py a small amount as compared to that produced by its addition to the sol especially up to 


the coagulation point. 


Sp. cond. X103 mhos. 


K280, (c.c.) 


FIG. 3. Changes in electrical conductivity of chromium 
arsenate sol with the addition of K2S0O,. 


Rai and Ghosh (loc. cit.) observed a decrease in the conductance of hydrous ferric 
oxide sol with the addition of K,SO,. They explained it as due to the replacement of aquo 
group from the colloidal micelle. In our opinion the continuous decrease of the conduc- 
tance of the sol itself (K,,—K,) by the addition of the increasing amount of K,SO, may be 
due to the following causes: 

(i) The thickness of the double layer is decreased whereby the electrostatic attrac- 
tion between the fixed and diffuse parts of the double layer is increased, resulting in a 
decrease in the mobility of the micelles. 

(ii) The negatively charged sulphate ions are discharged at the surface of the posi- 
tively charged colloidal particle and hence can no longer contribute to the conductance of 
the system. In arriving at the true conductance of potassium sulphate from that of the 
mixture of the sol plus electrolyte, it is assumed that the sulphate ions have the same con- 
ductance in the mixture as in its solution, which is not true. This is why the calculated 
conductivity values of the sols go on decreasing slowly even after coagulation has taken 
place. 

(tit) Adsorption of hydroxonium ions on the partly neutralised surface of the sol 
particle results in a decrease in the concentration of hydrogen ion (in the form of H,O* 
ions) which are more conducting than the QH™ ions, 
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(iv) Due to the salt-effect on the conductivity of polyions, i.e., highly charged colloid 
particles, there is also a decrease in the conductivity of the sol to a certain extent. 

It is expected that there will be a greater fall in conductance of the sol until the stage 
of rapid coagulation is reached. The slow decrease observed thereafter is mainly due to 
the effects mentioned above and also to the effect of aggregation when the radius of the 
micelles increases and their mobility decreases. 
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Studies on the Behaviour of Uni-bivalent Salt in Aqueous 
Solution. Part II. Sodium Oxalate and Determination 
of Standard Electrode Potential of 
Ag | Ag.C,0,,C,07— 


S. C. Sircar and B. Prasad 


The study of the cells of the type ; 
(a) Ag | Ag,C,0,, Na,C,0, || Satd. KCl || Na,C,0,, Ag,C,0, | Ag 
indicates that sodium oxalate is completely dissociated in the concentration range of 0.0083 to 0.0395 


moles/litre. 


The study of cells: 
(6) Hg | Hg, Cl, | Satd. KCI Ag.C,0, | Ag 


(c) Hg | Hg,Cl,, NaCl | Na,C,0, Ag,C,0, | Ag 


shows that the standard clectrode potential of Ag | Ag.C,0,, Na,C,0, is —0.4591 volt. 


Tie following types of cells: 
(a) Ag | Ag,C,0,, Na,C,O, |j Satd. KCl. || Na,C,0,, Ag,C,0, | Ag 
C, C, 


(6) Hg | Hg,Cl,, — | Satd. KCl. || Na,C,0,, Ag,C,0, | Ag 
C 
) Hg | Hg,Cl,, nell Na,C,0,, Ag,C,0, | Ag 
40 C 


were studied in order to know the extent of dissociation of sodium oxalate and to find out 
the standard electrode potential (#) for the half-cell Ag | Ag,C,0,, C,0,°~- 


EXPERIMENTAL 
Silver oxalate used was prepared by the action of silver nitrate on sodium oxalate 
and was recrystallised thrice from ammonia. Sodium oxalate and sodium chloride solu- 
tions were prepared from G. R. quality salts in double distilled water. To avoid the growth 
-of fungus and subsequent decomposition sodium oxalate solution was not kept for more 
than 24 hours. 

Silver was deposited on the platinum as described by Jena and Prasad (this Journal 
1960, 37, 634) by thermal decomposition of silver oxalate on platinum. Some silver oxalate 
was spread on the silver-coated platinum wire and the vessels were then filled with re- 
quired sodium oxalate solution, which was drained off three times to wash the silver oxalate. 
The technique of setting the cells was as described in the earlier papers (loc. cit.) 
The E. M. F. values of the cells of the type (a), (b), and (c) 2 are shown in column 3 

of Table I and columns 3 and 4 of Table IT. 
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TABLE I 
Cell used: type (a). 
Cone. of Na,C©,04 E. M. F. of cell E. M. F. calc. from Diff. 
(gm moles/litr.) (a). equation (1). 
Ie 2° 
0.0210 0.0126 4.8mv 4.7mv 0.1my 
0.0299 0.0150 6.4 6.0 04 
0.0278 0.0083 10.5 1).9 0.4 
0.0395 9.0209 4.8 4.9 C.1 
TABLE II 
Cells used: type (b) and (ce). 
Conc. (gm moles/litre). E. M. f. of cell E.M.F. of Cell Diff. 
Na,C,0, NaCl. (). (c) 
0.010 0.04 0.1728 volt 0.1638 volt 0.90mv 
0.015 0.06 0.1792 0.1706 0.86 
0.020 0.08 0.1843 0.1755 0.88 
0.025 0.10 0.1869 0.1788 0.81 
0.030 0.12 0.1906 0.1820 0.86 
Average 0.86 
TABLE HI 
Conc. (gm. moles/litre) E.M.F. of cell E.M.F. Cale. for half-cells. 
Na,C,0, NaCl (d) Chloride half-cell, | Oxalate half-cell. 
(—Ea) — Eox 
0.005 0.02 0.1630 volt 0.3733 volt 0.5363 volt 
0.010 0.04 0.1728 0.3565 0.5293 
0.015 0.06 0.1792 0.3462 0.5254 
0.020 0.08 0.1843 0.3393 0.5236 
0.025 0.10 0.1869 0.3338 0.5207 
0.030 0.12 0.1906 0.3294 0.5200 


DISCUSSION 


Assuming the elimination of liquid junction potential (1. j. p.) by the salt bridge, the 
E. M. F. of the cells of type (a) will be given by the equation, 


RT 


Where C and f are the concentration and activity coefficients of oxalateion in the solution. 
Assuming complete dissociation of sodium oxalate and assuming that the activity coefficient 
of the oxalate ion is the same as that of the sulphate ion at the same concentration, the 
E. M. F’s. of the cells have been calculated and are recorded in column 4 of Table I. Com- 
parison with experimental values (column 3) shows good agreement. 

Assuming elimination of 1. j. p. by saturated KCI, the E. M. F. E’ of cell (6) would be 
given by the relation, 


E’=E.\—Eox ee ee ee (2) 
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Where Zc) and Eox are the potentials of the two half elements of the cell. To ascertain the 
elimination of |. j. p. or otherwise, cell (c) was studied. The E.M.F, E”, of cell (), is given by, 


£” = Eq — Eox + £j 


where E; is the liquid junction potential developed at the junction of sodium oxalate and 
sodium chloride, If the bridge used in cells of the type ‘b’ eliminates liquid junction potential, 
then the difference of E.M.F. of cells of the types ‘b’ and ‘c’ should be equal to £j. 
The value of £; was calculated from the mobility values of sodium, chloride and oxalate 
ions, which are 61.1, 89.2, 87.7 respectively, (Glasstone, Electrochemistry of Solutions, 
p.72),and Henderson’s equation which reduces to the following form for the solution used. 


2U —4V or + jog, 2U nat +2V (4) 
F 4Va- — 2UNat Unat V yc2042 


The value of £; calculated comes out to be—0.0090 volt for all cells of the type (c). Onan 
average the value of £j calculated agrees with those obtained from difierence (£’—£’) to 
within 0.4 mv (Table IT, last column), thereby showing that liquid junction potential is 
effectively eliminated by the salt bridge in the cells of the type ‘b’. 

The E. M.F. Ec, of chloride half-cell Hg | Hg,Cl,, NaCl, calculated as in previous pa- 
pers is given in column 4 of Table III. Electrode potential (Eo,) of oxalate half-cells, 
Ag | Ag,C,0,, Na,C,0, calculated from equation (2) is given in column 5 in Table III. 
The E. M.F. of oxalate half-cell is given by the following equation: 


RT 
Ox 4 oF log. (5) 


The substitution of the value of activity coefficients from Debye-Hiickel equation 
reduces equation (5) to the form: 


4.606RT 


RT 
Zox ome oF loge [C,0,27 A Vp Ox Bu. 


where, ‘A’ is the usual constant having the value 0.516 (J. Amer. Chem. Soc., 1933, 55, 
2179). The left hand side of this equation is plotted against ionic strength and from the plot 
the value of £°o, is found to be —0.4591. This value may have an error of +.0.5 mv. The 
standard electrode potential, reported earlier by Ferrell et al (J. Amer. Chem. Soc., 1948 
70, 3812) is—0.4624. There are two uncertainties in their work. They have assumed a value 
for dissociation constant of oxalic acid which may not be very accurate and they have deter- 
mined the value of E°%o, by extrapolating the results of two readings only, to zero 
ionic strength. We presume that our value is more correct. 


One of the authors (8.C.S.) is thankful to Govt. of India for the award of a 
scholarship. 
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Studies on the Citrate Complex of Cobalt (II) 
Rabindra K. Pattnaik and S. Pani 


The citrate complexes of Cobalt (II) has been studied by pH titration method within the pH ranve of 

2.5 to 6.8. The results are confirmed qualitatively by measurement of specific conductance. Cobalt reacts 
with citric acid at lower pH forming a neutral complex C, liberating two protons simultaneously. The equili- 
brium constant of the reaction 

Co?*-}-H3Cit = C 2H* 
is 8.40 10-5. The neutral complex then dissociates at higher pH range in two steps to complexes C,~ and (.2>, 
The equilibrium constants of the reactions, C = C:~+-H* and C;~ = C22--+-H*, are 6.835% 10-5 and 
1.05X10-8 respectively. The formation constant of the complex C according to Co*++-HCit?- = ( is 
determined to be 1.438 103. The equilibrium constant of the reaction 

Co** +-Cit3- = C2?- +- Ht 
is determined to be 3.38X 10-6, The hydrolysis constant of the hydrolysis of Co?*+ according to 
Co*t-++-H20= CoOH*t+-H?* is calculated to be 4.285 10-5, 


M. Bobtelsky and Heitner (Bul. Soc. chim., 1951, 494) studied by spectrophotometric 
methods the effect of the addition of citrate and alkali to the citrate complexes of Ni, Co, 
Cu, Cr. 

Tsimbler and Derenovskii (Chem. Abst, 1955, 49, 10787) on treatment of CoCl, with 
oxcess of a solution containing trisodium citrate and sodium hydroxide in equivalent ratios 
of 4:1 to 3:1 found that Na, (CoCg;H,O,) was formed and that the reaction of 4 equivalents 
of trisodium citrate with 1 of CoCl, yielded Na,Co (CgH,O,),. They also found that these 
complexes could be precipitated by methanol and not by ethanol. Thus in the presence 
of excess of NaOH, the OH and CoOH groups participate in complex formation, but in 
the absence of sodium hydroxide only the latter group reacts. 


EXPERIMENTAL 
Results of titrations of the solutions by pH and conductivity methods are recorded in 
Tabies A and B respectively, 
TABLE A 


Solution Content. 
Exp. No. Temp. titrated (g. mol) Conc. of the soln. used —_—- Results. 
for titration. 
32.540.5° 30 NallO, 0.025 NaOH Fig. 
H,Cit 0.003 05M Curve 
NaClo, 0.025 -do- Fig. 
H3Cit 0.003 Curve 
CoC, 0.0025 
H,Cit 0.025 NaOH Fig. 
1M Curve 
Fig. 
H,Cit 0.025 -do- Curve 
CoCle 0.0025 
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TABLE A (contd.) 


Exp. No. Temp. Vol. Content (g. mol) Cone of the soln, used Results 
for titration 
1 33+.0.5° 100 NaClO, 0.025 Na, HCit Fig. 3 
0.1M Curve A 
NaClO, 0.025 Fig. 3 
100 0.00125 Curve B 
{Vv 32.5°4-.5° 100 NaClO, 0.025 Na,Cit Fig. 4 
O.1M Curve A 
NaClOy- 0.025 Fig. 4 
[Son 0.00125 Curve B 
Na,Cit 0.01 NaOH Fig. 5 
NaClo 0.025 0.1M Curve A 
4 

\ 33° 
{ NagCit 0.01 die, Fig. 5 
120 < NaClO, 0.025 Curve B 

LCoCle 0.001 

TABLE B 

VI -334.0.5° 259 H,Cit 0.0003 NaOH Fig. 6 
0.1M Curve A 
259 H3Cit 0.0003 NaOH Fig. 6 
CoCl, 0.00025 0.1M Curve B 
VII 3340.5° 270 Conductivity water Na,Cit Fig. 7 
0.1M Curve A 
270 CoCl,- 0.0001 Na3Cit Fig. 7 
0.1M Curve B 


DISCUSSION 


The pH of system (B) in each case is lower than the corresponding pH in system (A). 
As observed in the nickel citrate system, acid is therefore liberated due to complex formation. 
The horizontal distance between the two curves increases gradually up to pH 4.1, 
but then decreases with increasing pH. 


In experiment II the ratio of the metal to ligand is 1:10. The horizontal distance 
between the two curves at first increases and remains very nearly constant within pH 
range 3.2 to 5.2. If the horizontal distance between the two curves is taken roughly as the 
measure of the amount of acid liberated (the concentration of citric acid is large compared 
to the concentration of this metal), it is found that only one equivalent of acid per atom 
of cobalt is liberated within the pH range 3.2. to 5.2. It is therefore very probable that the 
complex formed contains only one citrate ligand per atom of Co. 


In experiment ITI (Fig. 3) the pH of the system containing no cobalt is nearly 
constant, even with increased amounts of two-third neutralised citric acid (HCit?-). 
The pH islower in presence of cobalt, which is not only due to the removal of HCit?~ 
ionsand formation of a complex but due to the dissociation of the complex as an acid, 
The complex formed by the HCit?~ ion with Co** is probably a stronger acid than 
HCit?“ion. 

In experiment IV B (Fig. 4) the pH decreases in the first instance with addition of 
increasing amounts of sodium citrate and then increases after the addition of just a little 
more than 1 g. mole of sodium citrate per g. atom of Co, 
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FIG. 1. Amount of 0.5.M NaOH added in ml. 


Calculation of the Equilibrium Constant 
The reaction taking place in experiment I may be represented as before by 


Co*t + H,Cit == C+nHt 


where C is the cobalt citrate complex (the charge of the complex, if any, is not mentioned). 
The equilibrium constant may be represented by 


[C] [H*'}* 
[Cott] [| H,cit] 
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50 70 


FIG. 2. Amount of 1M NaOH added in ml, 


It can be shown as in the study of cadmium citrate complex (Pattnaik and Pani, 
this Journal 1957, 34, 673) that 


A [NaOH] ALC] 


[C] b 
When the formation of the complex is complete, [ C ] = [ CoCl,] and hence 


A [NaOH] 
* In an earlier paper on the citrate complex of nickel, (this Journal 1957, 34, 819), the corresponding 


equation was printed wrongly as=n +-(a/b), 
5 
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FIG, 3. Amount 2/3 neutralised citric acid added in ml, 


A [NaOH], ]. [ CoCl, and are calculated at different pH values as 


determined before. Substituting these in equation (3) a series of values of n, obtained at 
different pHs, are recorded in the TableI. Assuming n to be 2 below pH 3.7, the equilibrium 
constant of the reaction (1) is calculated according to the equation (1-1), as determined 
in the study of nickel citrate complex, and recorded in Table I. The mean value of K is 


8.398 x 1075. 


Towards higher pH range n is more than 2. The complex C dissociates like an acid — 
with increasing pH 


(4) 


C,-] [Ht 


It can be shown, as done in the case of cadmium citrate complex, that 


_ (n—2) [Ht] 
| 
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FIG. 4, Amount of 0.1.M Sodium citrate added in ml. 


The values of the equilibrium constant K,, calculated by the above equation, are 
recorded in Table II. The mean value K, is found to be 6.835 x 10>. 


TABLE I 
4[NaOH] af[ct.]. alb n. [Co?*] (H,C't]. Bix 105, 


0.004485 0.00020 0.2131 0.4531 0.002534 0.01634 0.01589 9.761 
0.00555 0.00026 0.2560 0.5545 0.003218 0.01560 0.01443 9.018 
0.00660 0.00030 0.3046 0.6621 0.003948 0.01477 0.01293 8.228 
0.00726 0.00033 0.3588 0.7554 0.004498 0.01412 O.C1154 6.934 
0.00898 0.00040 0.4184 0.9127 0.005776 0.01272 0.00971 
0.01032 0.00047 0.4822 1.0563 0.006949 0.01104 0.00894 7.568 
0.01197 0.00056 0.5499 1.2231 0.008168 0.00977 0.00635 8.614 
0.01323 0.00061 0.6197 1.3706 0.009854 0.00827 0.00492 9.649 
0.01918 0.00091 1.052 2.2000 

0.01966 0.00092 1.127 2.3130 

0.01955 0.00090 1.204 2.390 

0.01907 0.00089 1.282 2.447 

0.01897 0.00088 1.362 2.528 

0.01856 0.00085 1.445 2.592 

0.01811 0.00084 1.530 2.657 

0.01739 0.00080 1.615 2.723 

0.01527 0.00071 1.876 2.8474 
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pH. (3-n). KyX 105, 


3.8 0.200 0.800 3.962 
3.9 0.313 0.687 5.735 
4.0 0.390 0.610 6.395 
4.1 0.447 0.553 6.421 
4.2 0,528 0.472 7.058 
4.5 0.592 0.408 7.271 
4.4 0.657 0.343 7.626 
4.5 0.723 0.277 8.252 


0.347 0.1526 8.802 


4.8 


In experiment III increasing amounts of 2/3 neutralised citric acid was added to 
a definite amount of cobalt chloride. It is assumed that 2/3 neutralised citric acid contains 
mostly HCit?” ion. The reaction may be represented as 


Cott + HCit® 5 


The equilibrium constant can be represented as 


[C] 
[ HCit= ] [Co ] = 


The complex C beinga stronger acid than HCit*~ (dissociation constant of C is 
6.835 x 1075 and that of HCit?~ is 3.24 10~6) a part of the complex dissociates into C,~ 
and H* by reaction (4). As sufficient HCit?~ is introduced, the formation of the complex 
C is complete and dissociation of C toC,?~ and H* continues with increasing addition of 2/3 
neutralised citric acid. The equilibrium constant K, and dissociation constant K, of reac- 
tion (4) can be calculated from the results of experiment III. K, differs from K bya 
constant and itcan be shown that 


In the previous experiment the formation of the complex C was complete at pH 
3.70. The pH in this system is always above pH 3.65. Hence it is expected that above 
pH 2.70, the formation of the complex C will be complete. Some cobalt ion will be present 
when the proportion of cobalt to citrate in the solution is greater than 1. 


Total cobalt = [CoCl,]=[C]+[C,-]+[Co?*] 
When the formation of the complex is complete, 


[Co?*] is very small and{[CoCl,] = [C]+[C,7]. 


It can be shown (Pattnaik and Pani, this Journal, 1957, 34, 619) that 
[ HCit?- ]= 


and 
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where K 

| 


[H*] is obtained from Curve B in Fig. 2 and x and y are calculated. [Ct] and [CoCI,] 
can be calculated from the g. moles of 2/3 neutralised citrie acid added or g. moles of 
cobalt chloride taken and total volume of solution. [C] is obtained by subtracting [C,~| 
from [CoCl,] and K, is calculated by equation (4-1). The values are shown in Table 
ILI. The mean value of K, is 1.718 x 10~4. This agrees fairly well with the value 0.684 x 104 
obtained from the first experiment. 


TABLE III 


pl. [ct] [CoCl,] yl [C7] Kix 104 
3.85 0.01611 0.01049 1.232 0.004457 0.00603 1.044 
3.90 0.01729 0.01034 1.256 0.005297 0.00505 1.320 
3.95 0.01895 0.01013 1.279 0.006470 0.00366 1.984 
4.00 0.02013 0.009984 1.305 0.007153 0.002831 2.526 
4.05 0.02212 0.009734 1.332 0.008366 0.001368 5.451 


In the range in which proportion of cobalt to citrate is less than 1, Co*t, C, and C,~ 
exist. [C] can be calculated by equation (4-1) at different pH, substituting the value of 
K, and [C,]. [(C,?~] can be calculated as determined in the investigation of citrate complex 
of nickel (loc. cit.) 

It can be shown that 


ated 
[C,-]= 


and 
t 
Ht] =1C,-] (34 [HCite (9) 


[C,-] and [HCit~ ] are calculated by equations (8) and (9) respectively. [Co**] 
can be obtained by subtracting ({ C]+[C,~] ) from [CoCl,}. The values of A, are calcula- 
ted and tabulated in Table IV. The mean value of K, is 1.4386 x 10%. 


The values of K calculated from the corresponding values of K, according to equa- 
tion (5-2) are in agreement with those calculated from the results of experiment I. The 
values are recorded in Table IV. The mean value of K is 4.58510. The value obtained 
before is 8.4. x 1075 


The results obtained in experiment IV are interesting. The pH of the system 
containing no cobalt (Curve A, Fig. 4) increases very rapidly at the beginning with increas- 
ing concentration of sodium citrate till pH 7.5 is reached. After this the increase in pH 
is gradual. In the other system containing cobalt chloride (Curve B), the pH falls very 
rapidly at the beginning, remains very nearly constant, and then increases rapidly till a 
little more than 1 g.mole of sodium citrate per g. atom of cobalt (II) is added. This is 
indicated by the break in the curve at P. After the inflexion point P the rise in pH is 
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comparatively slow. The reaction of cobalt ion with citrate ligand at the beginn'ng resu'ts 
in the liberation of a proton. The reaction therefore can be represented by 

[H*] 
[Co**] x [Cit] 


The above reaction alone cannot explain the results. Hence another reaction which 
removes the protons liberated by the above reaction probably takes place. Citrate ion has 
a strong basic property and as such is capable of removing protons. But most of the citrate 
added would be removed by cobalt for the formation of the comp'ex. Hence very little 
free citrate would be available for the removal of protons ti!l the complex formation is 
complete. It is therefore assumed that C,?~ formed is converted into C,~ by the following re- 


action as the pH is lowered. 


x 


This means that as the pH is lowered, the complex C,~ is formed rather than the com- 
plex C,?~. The reaction may be represented by 


Due to formation of C,~ there would be no change in pH. Hence, when the pH is 
sufficiently lowered due to the formation of C,?~, further increase in the concentration of 
C2 does not take place, but the concentration of C,~ increases with increasing addition of 
sodium citrate and the pH remains very nearly constant. As the amount of sodium citrate 
added increases, the concentration of free citrate in the solution increases and as such the 
pH of the solution increases till the formation of the complex is complete (at P). As the 
pH rises up to the minimum and then remains very nearly constant, the dissocia- 
tion of C,~ to C,*~ and H?* ion also takes place besides the formation of the complex. 
At P the formation of the complex is complete. Above P due to rise of pH on addition of 
sodium citrate, reaction (11) proceeds in the reverse direction. Above the point P, the 
concentration of Cott would be very small and may be neglected. Hence 


[CoCl,] = [C,-] + [C27] 
[Cy] total citrate = free citrate + citrate in complex 
Citrate in complex = [C,~] + [C,2-]=[CoCl,]. 
Hence free citrate = [Ct]—[CoCl,]. 
But free citrate = [Cit] + [Heit*~] + (H,Cit~] 4+ [H,Cit] 
As the pH is high, the concentration of [H,Cit| can be neglected. 


Hence, k 


=[HCit*-] { i+ } 


[Ce]—[CoCl,] = Z (13) 


q 
( 
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; k Ht 
where Z=1 + [Ht] * 


[Heit?~] can be calculated from above equation (13) 
Total proton liberated = [C,?7] 
[HCit?-] + 2 [H,Cit-] + [H*) 
Or [C27] x (1 + 
Or = r[HCit*] + [H*] (14) 
where r = 1 + 2 {[H*]/k,} 


[C,~] is obtained by subtracting [C,?~] from [CoC],}. Values of K, calculated by 
the equation (11-1), are recorded in Table V. The mean value of K, is 1,05 x 107°, 


TABLE V 
pul [Cr]. (CoC!,). z. [HCit r. [C22-). Kex108, 


6.40 0.01319 0.01085 9.1467 0.0002559 1.01956 0.0002611 0.01059 0.9817 
6.45 0.01402 0.01075 10.1397 00003225 1.01743 —0.0003282 0.01042 1.1180 
6.50 0.01489 0.01064 11.2477 =: 0.0003781 1.0155 0.0003840 0.01026 1.183 
6.55 0.01582 0.01052 12.4969  0.0004243 1.0188 0.0004305 0.01009 1.203 
6.60 0.01681 0.01040 13.9062 0.0004613 1.01234  0.0004670 0.00994 1.180 
6.65 0.01776 0.01028 15.4755 0.0004835 1.0110 0.0004891 0.00980 1.118 
6.70 0.01883 0.01015 17.2449 —0.0005035 1.00981  0,0005081 0.00964 1.052 
6.75 0.02000 0.0100 19.2243 —0.0005200 1.00874 0.0005243 0.00948 0.983 
6.89 0.02113 0.00985 21.4438 0.0005257 1.00778  0.0005294 0.00933 0.899 


Below the point P in Curve B (Fig. 4) the formation of the complex is not complete. 
C »balt ion would be present besides the complexes C,~ and ©,*-. 


Total citrate =[Ct] = [H,Cit~] + [HC:t7-] + + [C7] + [659 
By substituting the v:lue of [C,~] from equation (11-1) 


we get 
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H* k 
where p=l+ + 
+ 
and qg=1+ K, 


R. K. PATTNAIK AND S. PANI 


Substituting the value of (C,?~) from equation (14) 


one gets 
[Ct] = p [HCit?-] + q [H*] + gr [HCit?-] 


Or 


[Ce] = [H*) + + gr) (16) 


r, p and q are calculated at different pH values and [HCit?~ ] can be calculated by 
equation (16). [C,? | is calculated by the equation (14). Substituting the value of [HCit?~] 
obtained above [C, | is calculated by equation (11-1). Co** is obtained by subtracting the 
({C,_]+-1C,27]) from (CoCl,]. The concentration of free citrate ion (Cit®~) can be calculated 
by the equation (15), by subtracting 


((H,Cit™] + [HCit?~] + [C,-] + [C,?7]) from [Ct]. 


The equilibrium constant K, is calculated by equation (10-1) and the va!ues are re- 
corded in Table VI. The mean value is found to be 2.38 x 10~°, 


It can be shown that 


K,K, [Co**] [H,Cit) ~ 


K. 


So it is expected that K would be equal to — 


K, Xx k, k, ks 
| 


K,Xk, 
The mean value of K and —* a Pe is 8.398 X 107 and 5,157 X 1077 respectively. 
1 2 


Hence both the values are not equal. The low value of K,k,k,k,/(K, x K,) may be 
due to the low value of K, caused by hydrolysis of Co** to CoOH* according to equation 
(17). This type of hydrolysis may occur to an appreciable extent at higher pH. Ky, is 
deter mined at pH 6.8, while A is determined at pH below 3.3. 


Co** + H.O == CoOH'+H? (17) 


The hydrolysis constant Kh of the reaction may be represented by equation (17.1). 


[CoOH*] [H*] 
Kn= [Cot*} (17-1). a 

| Calculation of Hydrolysis Constant 0 
Cobalt (II) ions are partially hydrolysable. Hence the free cobalt assumed to be . 

present as Co** ion in the determination of K, in experiment. IV would be less. The value . 

of K, would therefore be more. It is assumed that the hydrolysis of Co** below pH 3.3 is , 


negligible. The concentration of Co** ion in experiment IV would be such that 


kik 
= K, _ would be equal to K, 
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K 


Hence [Co] = Kk 
[Co] = free cobalt = conc. of Co** ion determined in experiment, IV. 


[Co] x kk, 
KK, 


or [Co*t] = 
[Co*] is calculated by using the concentration of free cobalt shown in Table VII. 


TABLE VII 


[Co]. ((Co2*) x 105, [CoOH*] KnX105, 


.01222 7.504 0.01215 2.566 
-O1184 7.271 0.01177 3.229 
-01128 6.926 4.665 
-01089 6.686 0.01083 5.122 


[CoOH®*] is obtained by subtracting [Co**] from [Co]. 


The hydrolysis constant, calculated by the reaction (17-1), is shown in Table VIT 
and the mean value of Kh is 4.285 1075, 


In experiment V (Fig. 5) curve B is very similar to the neutralisation curve of a 
strong acid. Incidentally, the neutralisation point 
is reached at about Ile.c. of O.1N alkali. The 
pH attained by the solution (system B), contain- 
ing cobalt (II) due to the addition of Ilc.c. of 
alkali is reached by the other solution by adding 
1 c.c. of the same alkali. Hence 10 c.c. of the 
alkali i.¢., 0.001 g. mole of NaOH is consumed by 
the complex formed from 0.001 g. mole of cobalt 
chloride. The liberation of one proton per atom 
of cobalt indicates the formation of the com- 
plex C,?~. 
2 iS In experiment VI (Fig. 6) curve A represents 
FIG, 5 Amount of 1.ON NaOH addetinml. the neutralisation of citric acid. The specific 
conductance decreases at the beginning, comes 
to a minimum at about 30%, neutralisation of citric acid, then increases gradually till the 
acid is completely neutralised, and then the conductance rises more rapidly. 


Curve B represents the results obtained by neutralisation of citric acid in presence 
of cobalt (II). In this case also the conductance decreases till nearly 459% of the acid is 
neutralised. This is followed by a break at point P,. Then the conductance remains nearly 
constant up to the break at P, till 85% of the acid is neutralised. The conductance then 
rises slowly with the addition of sodium hydroxide. This continues up to the break at the 
point P, after which the conductance rises rapidly. 


The conductance decreases rapidly in the beginning due to neutralisation of nitric 
acid and formation of the neutral complex C, which does not contribute to the conductance 
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Conductance 1000 


FIG, 6, Amount of N/10 NaOH added in ml. 
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FIG, 7. M/10 sod, cit added in ml, 
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of the solution. After the first break at P,, formation of the complex C continues and the 
conductance remains very nearly constant. Th2 conductance then gradually rises 
most probably due to the formation of C,~, which is nearly complete at the second break 
at P,. The conductance then rises more rapidly due to the formation of the complex (,2-, 
which is nearly complete at the third break at P, due to the increasing concentration of 
NaOH. 


In the experiment VII (Fig. 7) the curves are exactly similar to those obtained in 
case of the nickel citrate complex (loc. cit.). 


The conductance of the system containing cobalt (Curve B) is more than the system 
which does not contain cobalt up to the addition of one g. mole of sodium citrate per g. atom 
of cobalt. 


After addition of 1 g. mole of sodium citrate per g. atom of cobalt, the conductance 
of the system containing cobalt becomes less than that of the system without cobalt and 
the difference of conductance between the curves becomes negligible and they run parallel 
to each other. This also supports that the complex formed contains one citrate ligand per 
atom of cobalt. 


The structure of the cobalt citrate complexes is similar to these of the cadmium 
citrate and nickel citrate complexes (Pattnaik and Pani, loc. cit). 


The authors thank B.S.I.R. (Orissa) for help to carry on the work. 
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New Perkin-Elmer Model 154-D affords 


greater range and flexibility in choice of sampling, 
separation, detection and measurement than any other instrument 


Improvements come fast and furious in gas 
chromatography. Columns, detectors, samp- 
ling techniques, recorders have all been 
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the first commercial vapor fractometer 6 
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® Flame ionization, thermistor, and hot-wire 
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® Golay (capillary) or packed columns (22) 
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pure components, 
Automatic sample splitting for micro and 
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matic printed integration of chart peak 
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Quite outstanding 


reagents and other B.D.H. Laboratory Chemicals 
are used by experienced laboratory workers in more than 


100 countries because they are outstanding. 


chemicals conform rigidly to specifications which 
are shown on each label. 


chemicals avoid reagent errors and ensure depend- 
able results. 


Standards for Laboratory Chemicals (Fifth edition 
—1957)—contains specifications of purity for 280 reagents 
and describes in detail the standard methods of testing them. 


REAGENTS—fist Choice responsible. analytical work 


BRITISH DRUG HOUSES (INDIA) PRIVATE LTD. 
Laboratory Chemicals Division 
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